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PART II 



For carrying out the first experiments according to 
the method of curved models, we found it most convenient 
to construct and test a model of the nonrigid V-2 airship 
,r Smolny n (capacity 5,000 cubic meters). The selection of 
this airship was motivated, in the first place, by the 
fact that we had at our disposal a large amount of mate- 
rial relating to aerodynamic tests of the noncurved model 
(to the scale of 1/64.64 of the full-scale size), includ- 
ing also detailed tests on rotary derivatives, carried 
out "by the aid of the method of damped oscillations and, 
in the second place, by the fact that at tlie present time 
we have the results of flight tests of this airship, which 
were made for the purpose of determining the radius of 
turn. In this manner, we are able to compare the results, 
obtained by the aid of the method of curved models, with 
the results of tests made by the aid of the method of 
damped oscillations, and with flight tests. Consequently, 
wo shall be able to judge which method of testing in the 
tunnel produces results that are in closer agreement with 
flight test results. 

At the outset we proposed that the method of curved 
models be used only as a verifying method, since, accord- 
ing to the above, in order to use this method as an inde- 
pendent method, it is necessary to construct a very large 
number of models of various degrees of curvature. However, 
we have found lately that we can use our model with a very 
high degree of accuracy, for carrying out that number of 
experiments which will make it possible to use the method 
of curved models as an independent method, that is to say, 
which will i^ive the relations of the rotary derivatives 
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of the forces and the moment in terms of (3 Q or in terms 
of 6 and in the final result, the nomogram 

Ro 

Thus, the ultimate object of this work is to con- 
struct this nomogram, compare it with the results of pre- 
vious tests and with flight test results. 

We shall show "below the considerations on the "basis 
of which it may he permissible to use one model for ob- 
taining an exhaustive number of results. 



1. MODEL 



gram 

R 



For constructing the curved axis we have taken the 
values of H 0 and (3 0 ,. which are obtained from the nomo- 

i = f(p o i 6) by turning the dirigibl.e with the 
R 

minimum radius (fig. 16) . 

When 8 = 30°, these values are: 

R 0 = 2.325 m 
Po = 8° 61 ■ 

Thus, the equation of the curved axis according to 
formula (7) will be: 

z» =2.3 f ch-*_- 1^ 
\ 2.3 J 

In accordance with the simplified method of construc- 
tion described above, the cross sections were assumed plane 

For the distance of the origin of the coordinates 
(point B) from the nose of the model, according to formu- 
la (30) , we obtained: 

x, = 0.0505 m 
B 
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The relation of the abscissa x to the length of the 
curved axis is obtained from formula (8): 

x - 2.3 Ar sh 

2.3 

Figure 17 represents a diagram of the curved V-2 model, 
constructed "by the aid of the formulas indicated. 

The coordinates x and z' of the curved axis, as 
well as the length of the arc of the axis x 1 and the or- 
dinatcs y 1 of the contour, laid off on the normals away 
from the axis, are given in Table I as a function of the 
reading along the arc of the curved axis (X x ) , read off 
from the nose of the model. 

The tail surfaces of the model were deformed according 
to the rule indicated on page 26 of Part I (Technical Memo- 
randum No. 829). The gondola of the airship remained un- 
curved since curving it would have involved unnecessary ad- 
ditional difficulties. But the effect of the curvature of 
the gondola (due to the fact that it is located at a very 
short distance away from the center of displacement) on the 
results of the experiment must be very small and must be 
definitely within the limits of experimental error. The 
gondola was installed on the model along the tangent to the 
curved axis at the point of installation. 

The hull of the model, the gondola, and the tail sur- 
faces were constructed at the workshops of the Experimental 
Aerodynamic Department of the Contral Aero-Hydr odynamic In- 
stitute. The hull was hollow in the interior (with a wall 
thickness of 15 mm) , and was turned of beech. 



2. POSSIBILITY OF USING ONE CURVED MODEL 
FOR CONDUCTING AN EXHAUSTIVE NUMBER OF EXPERIMENTS 



It was shown above that, for an exhaustive use of the 
method, it is necessary, for a given series of values of 
R 0 and (3 0 , to construct as many models as there arc pos- 
sible combinations of R 0 and (3 0 . 

To begin with, let us leave out of consideration the 
angle |3 0 and let us assume that we have prepared a series 
of models with ,3 0 = const, and R 0 = variable. 
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In testing such a series in the tunnel, "by changing 
R 0> we change the angular velocity of turning along the 



But, according to the series of investigations abroad, 
the rotary derivative of the moment does not depend on the 
angular velocity, that is. to say, tike terms of the higher 
orders ("beginning with the second order) of the series 
(formula (34)) becomes zero*. 

The rotary derivatives of the forces to some extent 
depend on the angular velocity. 

However, these derivatives too may be considered with 
a sufficiently large degree of accuracy as independent of 



Admitting the assumption that the rotary derivatives 
are independent of the angular velocity, we ought to admit, 
as a consequence, that these derivatives, determined by 
the formulas (38) for the entire series indicated (when 
p 0 = constant), should be individually equal. 

But, we have no right to change the angular velocity 

oy reason of the change in VL f u) = r? ) , since the ro- 

0 < y H o / 

tary derivatives and the. aerodynamic factors of the for- 
mulas (33) (on the right sides) assume a form that is not 
lent on the linear velocity i? 0 **. 

Thus, by testing one model at the given angle (3 0 , 
we obtain the values of the rotary derivatives during 
flight with various radii, but with p 0 = constant. 

Now, let us examine the series of models, constructed 



♦This is confirmed by the fact that, during all the tests 
on rotary derivatives of the moment, the logarithmic damp- 
ing decrement and the oscillation period do not depend on 
time and, consequently, do not depend on angular velocity. 

**Besides, a variation in the linear velocity does not 
change the distribution of the local angles of attack 
along the model axis, i.e., it does not change the physi- 
cal phenomenon. 



circle 
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with R Q = const. and |3 0 = var . Let us turn to figure 
18. Here the curve A - A represents the curved axis of 
our model in the position in which the tangent to it, 
drawn at the center of volume, forms with the axis of the 
tunnel the angle (3 0 = 8° 51' . Let us assume that, by- 
placing our model on the pole of the moment instrument 
(passing through the center of volume), we turn it about 
the axis y until our tangent coincides with the tunnel 
axis, that is to say, j3 Q "becomes zero. This position of 
the curved axis is expressed in the form of the curve 
B B. The curve C - C with several points, indicated 
"by circles, represents the axis of that curved model of 
the series R 0 = const., p 0 == var., which is constructed 
with R 0 = 2.325 m and p 0 = 0. 

As will be seen, this axis differs very little from 
the B - B curve. Only at the stern is there a small 
divergence; the nose parts of the axis merge. It is ob- 
vious that all the other axes of the series of models 
R 0 = const. = 2.325 m and f3 Q - var. should differ still 
less from the axis of our model, since |3 0 = 0 and p o = 

8° 51* embrace the entire range of angles of attack with 
which we are concerned. 

All this naturally suggests that our one curved model 
can be tested with complete satisfaction at the angles of 
attack, like any straight model, obtaining in addition the 
relations of the rotary derivatives to the angles of at- 
tack. Below, in the division "Working up of the test data 
and corrections thereto, 11 we shall show how we- have made 
the attempt to introduce a correction to the experimental 
restilts for this difference in the curvature of the stern. 



3. METHOD OF PRODUCING A VELOCITY GRADIENT ACROSS THE TUNNEL 

The problem of creating a velocity gradient across 
the tunnel can be solved by installing in front of the 
model in the tunnel a special device which distributes the 
flow in accordance with the requisite rule. In our opin- 
ion, such a device may be either a nozzle, divided into 
cells, the area of the sections of which varies along the 
diameter of the tunnel, or it may be a netting of variable 
mesh. 

Eor working out the problem we have taken the latter 
device (the variable mesh netting). In our opinion, it 
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has more advantages as compared to the first device, since 
the netting is easier to prepare, gives a smoother distri- 
bution of velocity and offers less obstruction in the ki- 
netic section of the tunnel. 

The first netting was constructed in accordance with 
the following considerations. 

Let us turn to figure 19. The upper half of the dia- 
gram represents a section of the working section of the 
tunnel, in which a netting of constant mesh T is in- 
stalled (T is the number of threads per meter in the net). 
Then, considering the velocity in the tunnel as constant 
and equal to v 0 , we may write that the reduction in the 

-pressures P, - P. resulting from the netting resist- 
1 o 2 o 

ance is equal to the losses due to the netting resistance: 

C x PSy 0 2 n 

Pi - Pa = ( 39 ) 

0 0 a i 

Here C x is the coefficient of drag of one wire of 
the netting, P is the density of the air, n is the 
number of all the wires, S and a are the midship sec- 
tion and the length of one wire, I is the width of the 
netting . 

3 

It is obvious that — = d n (diameter of the wire), 

a 

23 

and - 1 = T. Then formula (39) is transformed as follows: 
I 

Fi 0 - P 2q - C X P d n Po 2 T (40) 

Considering that all the wires are of equal length 
a, we find that the resistance of the part of the netting 
bounded by the sections, which are at a distance of ±z 
from the tunnel axis, is equal to: 

z z 

ri t > 

F 0 = ' (R - P 2 ) a dz - a I C x Pd n v Q 2 T dz 

J ' 0 0 ./ 

--z -z 

Here z is the variable ordinate, read off cross- 
wise to the right and to the left of the tunnel axis. 

Since T = const., we obtain from the preceding equa- 
tion: 
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$o = 2 °x P a <*n p 0 2 T z (41) 

Now, let us look at the lower half of figure 18, 
where we have transposed our wires along the ordinate z 
in such a way that we obtained a netting with variable 
mesh t. The number of all the wires n remained un- 
changed, and their distance apnrt on the tunnel axis re- 
mained equal to T. 

Then, analogously to formula (40) for the section, 
which is at a distance z from the axis, we find that 
the local reduction in pressure P x - P 2 will be: 

Pi . p a = C x P d n u 2 t 

Here v is the local velocity in section z (since 
t > T, then v < l> 0 ) f The total resistance of the part 
of the variable mesh netting, similar to the part de- 
scribed above, will be:* 



r 



z 



2 



2 



F = I (P 1 - P 2 ) a dz = a C x P d n / v t dz (43) 

Here u and t are variables and are functions of z. 

Since the number of wires in case I and case II (fig. 
18) remain unchanged, it is evident that the resistance 
of the part of the netting with constant mesh, which we 
have examined, will be equal to the resistance of the part 
of the variable mesh netting, that is to say, 

F 0 = I 



and 

2 C x p a d n v 0 " Tz = C x P a d n / & t dz 



z 

/V 



/ 



that is to say, 



^z 



z 

2 v 0 2 Tz s /V t dz 

Differentiating both sides of the equation obtained, 
we find: 2 

u I ss u t 



♦ The mutual influence of the elements of the netting are 
not taken into account here, thereby involving a certain 
error, which will be corrected later on. 



a 
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hence we find that 




(43) 



that is to say, the squares of the velocities, obtained 
as a result of installing the netting with variable mesh, 
are inversely proportional to the local distances apart 
of the wires of the netting. 

Thus, any distribution of velocity can be easily ob- 
tained behind the netting, by constructing it in accord- 
ance with the law, obtained from formula (43): 




(44) 



The necessary linear law of velocity distribution, 
expressed according to formula (33) as 



*0 



can be obtained, consequently, by constructing the netting 
in accordance with the law 



I 




(45) 



obtained by substituting — = 1 + — in formula (44) . 

^o *o 

Such a netting was constructed by us from two-milli- 
meter paraffined cord. The distance between the wires of 
the netting along the tunnel axis was selected T = 

150 ft reads ^ which corresponds to the distance between 
1 m 

the cords — = 6.67 mm. It is clear that the netting was 
T 

variable only across the tunnel along the horizontal. But 
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along the vertical, for each 100 millimeters, the individ- 
ual cords of the netting were intertwined with thin 
threads. These threads extingui sed the cord vibrations 
that might have occurred in tho flow. 

The netting was stretched on a wooden frame 800 by 
800 millimeters, which was suspended in the tunnel. The 
frame was provided at the sides with streamlined fairings 
made of stiff lacquered paper. 

Since it is extremely difficult to use the formula 
(45) directly, in stretching the netting we made use of the 
relation between the distance of any cord from the tunnel 
axis and the mesh which is supposed to be on this distance. 
This relation may be obtained in the following manner. 

Let us find a certain curve x » f(z) (fig. 20), 
which has the characteristic that the constant increment 
of the function &x gives the variable increment of the 
argument z, equal to A3, that is to say, to the dis- 
tance between two adjacent cords of the netting, the first 
of which is coordinated with the magnitude z. 

It is clear that the distance AE a • . From figure 

SB 7r * 

20 we see that 

A x fc _ dx 

I dz 
t 

whence n 

x a / A xt dz 

substituting, in the obtained integral t- according to 
formula (45) , we find that 



P AxTdz 
x = / — + C 

J (» ♦ i) 



Integrating and discarding C as a quantity which 
has an influence only on the altitudinal position of the 
curve x == f (s) and, consequently, does not change the 
characteristic of the curve, with which we are concerned, 
we find that 
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T R 0 Ax 
x = - 

2 

l + — 



This will give us the desired distance of any cord, 
from the tunnel axis: 



A xTS. \ 

2 = - 1 + 2 ; (46) 



In thin formula it is necessary to consider x as 
changing in progression, that is to say, 

x = x x x=Xi + 2 Ax; x = x x -f 3 A x etc. 

where x 1 = constant. The magnitude Ax can "be found at 
one's discretion. 

The netting, constructed "by the aid of the methods 
described above, was stretched in the working section of 
the tunnel T-3 (D = 1.5 m) by the aid of twelve wires 
with tenders. (The netting and its installation are 
clearly shown in figs. 24 and 25). Then, behind the net- 
ting, at a velocity of from 34 to 35 meters per second, 
the field of velocities was carefully explored by the aid 
of Prandtl T s tube. The field was explored in two sections 
(150 mm and 800 mm from the netting) along the horizontal 
lines parallel to the netting and lying in the plane pass- 
ing through the tunnel axis. 

In the first section readings were taken for every 
20 millimeters of the coordinate z, in the second sec- 
tion readings were taken for every 10 millimeters. 

The test was made by fcue aid of two mi cr omanomo t er s 
according to the method of instantaneous readings; one 
of the micr omanomct er s was connocted to the movable 
Prandtl tube and the other was connected to the tunnel 
speed control device. Such a plan of testing allowed 
us, when exploring the field, to take into account the 
pulsation of the flow according to the velocity, since, 
before exploring the field, the movable speed device was 
adjusted to the speeds in accordance with the readings 
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on the speed control device. During this adjustment the 
movable speed indicator was on the tunnel axis (z = 0) . 
In this manner, knowing during each instantaneous reading 
(making use of the adjustment indicated) the velocity 
along the tunnel axis, it was possible to find the rela- 
tion of the velocity at any point along the straight line 
investigated to the velocity along the tunnel axis. 

This relation was calculated according to the obvious 
corr elat i on 

v o J h 0 

where h is the reading on the movable speed indicator, 
and h Q is the reading on the speed indicator on the 
tunnel axis, determined according to the adjustment in- 
dicated above. 

In figure 21 there are plo.tted the results of these 

tests as a function of z. The values in the first 

section are indicated by crosses; the values — in the 

second section are indicated by points. 

Besides, on the same graph there are plotted: (1) 
the necossary distribution of velocity, according to for- 

r » i 

mula (33) when R n = 2.325 m (designated by — ); 

u L Uo Jthoor . 

(2) the distance apart of the wires of the netting t = 
f(z), obtained according to formula (45) (designated by 

* theor . ) • 

As will be seen, nearly all the experimental points 

\v " 

lay helow the straight line — , Thus, judging 

LV ° J theor. 

from the first tests, the netting did not come up to ex- 
pectation. This was due to the fact that, in construct- 
ing the netting, we disregarded the mutual influence of 
the cords, for which reason the support (loss of velocity) 
came. out everywhere greater than calculated. 



Therefore, in order to create the necessary velocity 
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distribution, it was decided to correct the netting "by 
"shifting" its mesh. A mean curve was drawn through the 
experimental points of section II (designated by 

V 



p.. _).* 



L oj 



experimental 



The mesh was "shifted" in the following manner. The 

mesh, corresponding to point A of the curve 

t., , = f(z), produced a velocity relation 

tneoret i cal v 1 9 * 



L u oj 



experimental 



experimental 



determined "by point B on the curve 
as f (z) when z s 0.275. Such a ve- 



locity relation is necessary to have (according to the 

straight line ! I not for z = 0.275 but for 

t 0 - ! theor # 

z s= 0.175 (point C) . For this purpose we have to "shift" 
the mesh at point A parallel to the straight line BC 
by the magnitude z = 0.275 - 0.175 = 0.1 m. In this 
manner we obtain point E. 

Proceeding thus with every point on the curve 
^theoretical' a new ar ran S emen ^ °f ^he netting mesh was 

obtained; it was designated by ^corrected' ^ ne ne "tting 

was stretched again according to the new arrangement of 
the mesh and tested by the aid of methods that are entire- 
ly analogous to the method described above. As will be 
seen from figure 22, the velocity distribution both in 
section I as well as in section II coincides very well 
with the requisite rectilinear distribution, that is to 
say, the divergences in section II nowhere (within the 
limits of the necessary zone where the gradient is pro- 
duced) exceed 2 to 3 percent. 

Thus, the problem concerning the velocity gradient 
was solved by us satisfactorily in principle, 

♦The advantage of the second section over the first con- 
sists in the fact that in the region of the second section 
there are supposed to be installed the tail surfaces of the 
model; these tail surfaces are supposed to have the great- 
est influence on the magnitudes of the rotary derivatives. 
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4. EXPERIMENTS 



The curved model was tested in the closed working 
part of the T-3 tunnel. The selection of this tunnel for 
carrying out the experiments was motivated "by the follow- 
ing facts: 

1. The section of this tunnel and its other dimensions 
closely correspond to the section and dimensions of the 
1TK-1 tunnel, where we have previously conducted the ex- 
periments on the rotary derivatives. In this manner, the 
results may he compared with greater reliability. 

2. The two-component scale of this tunnel, on which 
the model is installed by the aid of holders, allows us 
to work up the record sheets much more simply than in the 
case of other systems of securing the model. 

3. The velocity in this tunnel may "be very high, 
which permits us to attain, "behind the netting, from 35 
to 40 meters per second, in spite of the very great total 
resistance of the notting. 

In order to ascertain the influonco of the velocity 
gradient on the results of the curved model tests, the 
tests were carried out with and without the netting in 
position; the velocity along the tunnel axis "behind the 
netting was taken equal to the velocity of the free flow. 

In "both cases, in order to obtain results with a 
maximum possible degree of reliability and to ascertain 
the relation of the rotary derivatives both to the angle 
of attack and to the rudder angle of deviation 6, a 
great many tests were made, that is to say, with every 
one of the selected rudder angles of deviation 6=0; 5; 
10; 15; 20; 25; 30; 35; 40; 45 degrees, tests were made 
at the following angles of attack 

p 0 s 0; 2; 4; 5; 6; 7; 8; 9; 10; 11; 12; 13; 14 degrees. 

Such angles of rudder deviation 6, as 40 degrees 
and 45 degrees, which would seem to be too large, were 
taken for the purpose of ascertaining at what point the 
rudder stops being effective when the ship turns. 

The angles (3^ were taken only on one side, because, 
during circular flight, the ship > s nose is never outside 
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the trajectory. The large distance apart of the angles 
j3 0 (1° apart) was selected due to our desire to investi- 
gate completely those peculiar bends in the curve. 

1 dM v I 

; f((3 0 )i which we found in the case of the old 



tests. 

In accordance with the preceding notation, the angle 
formed "by the tunnel axis and the tangent to the curved 
axis of the model at the center of volume was taken as 
tno angle of attack p . 

Figure 23 shows a diagram of the installation of the 
model in the tunnel (on the moment apparatus) and indi- 
cates the direction of the angles (3 and 5 (which 
correspond to circular turning). The photographs (figs. 
24 and 25) show this installation. 

Eesides testing the curved model with tail surfaces, 
there were also tested at the same angles (3 0 a "bare 
curved hull and a hull with a gondola (which enabled us 
to find very interesting relations of the rotary deriva- 
tives of the bare hull to the angle of attack). 

Simultaneously with the curved model, tests were car- 
ried out in an analogous manner (without the netting) with 
the straight V-2 model, which, had never yet been tested 
in detail- in the given tunnel. 

The aerodynamic moment was measured on the conven- 
tional moment apparatus. The results of all the tests 
on the moment are given in the form of coefficients of R 
in figure 26. Here (for a comparison of the change in all 
coefficients according to the angles of attack (3 Q ) all 
the curves are given to the same scale; IUjj is the co- 
efficient of the curved model moment, R m is the coef- 

ficient of the straight model moment. As will be seen, 
the complete curved model, in most cases, produced a mo- 
ment of the oppo si t e • si gn from that produced by the 
straight model. This is explained by the fact that the 
rotary effect -was greater than the linear effect. The 
results of the experiments without a netting (for the com- 
plete model) are not given on tlie graph in a complete 
form, since they would only obscure the diagram. However, 
it is readily seen that the curves R«w - f ((3 0 ) for the 
tests without a netting slope slightly more than the anal- 
ogous curves of the tests with a netting, and the values 
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of S , at large angles of attack (p = 10° to 14°), 

are larger in absolute magnitude than the analogous val- 
ues of ?g for the tests with a netting. 

We are not considering the velocity gradient as the 
sole cause of this very insignificant deviation. We must 
bear in mind the fact that, in the presence of the netting, 
the flow "behind it "becomes turbulent* to a much greater 
degree than it is when the netting is absent. Moreover, 
we must assume that in the flow obtained there are prob- 
ably present local turbulence, vortices, etc., which no 
doubt must change to some extent the character of the 
streamlined flow. Next year we propose to carry on more 
detailed investigations of the effect of the gradient and 
the netting on the results of curved model test s . ** 

Therefore, avoiding criticism and qualitative compar- 
ison of the results of tests with a netting and without a 
netting, we worked up the results of each variant inde- 
pendently to the end. 

The results of the tests on the lateral force are giv- 
en in figure 27 in the form of coefficients of R (B^ is 

the curved model; R 2 , the straight model). These coef- 
ficients arc dete rmined by the coefficients o f the lifting 

*The effect of the turbulent flow is shown very charac- 
teristically in the result of curved model tests on drag 
( see below) . 

**At first we wanted to exclude the influence of turbu- 
lence and nonaxial flows by carrying out the tests with 
a netting of constant mesh T, in order to compare the 
obtained results with tests made without a netting. But, 
owing to the lack of time, we were obliged to give up 
these tests. From the results of tests with a netting of 
constant mesh, it would have been possible, with a suffi- 
cient degree of probability, to find the values R yu and 

R SZ X that are free from the influence of turbulence and 

nonaxial flows, making use of the following obvious cor- 
relations : 

, . (p ) l^Mll 

where the subscript 0 refers to the test in free flow, 
and the subscripts t and T refer to the tests with a 
netting of variable and constant mesh. 
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for.ce R z and the drag R x "by means of the well-known 
expressi on : 

R Zi = R z cos p 0 + R x sin Pq (47) 

The first thing immediately noticeable in figure 27 
is the fact that, in a large majority of the cases, the 
tests with the netting gave larger values of R^ z than 
the tests, without the netting. 

The results of tests on drag, which, in this work, 
are of entirely secondary importance, will be discussed 
below . 

It should be mentioned that, in calculating the co- 
efficients of R, the aerodynamic forces and moments re- 
ferred to the square of the velocity v 0 on the tunnel 

axis. In the tests with the netting, the velocity was 
determined in accordance with the readings on the speed 
control device, making use of those adjustments with 
which we dealt while investigating the field behind the 
netting. 

5. CORRECTIONS TO TEE EXPERIMENTS 



The basic correction, introduced when the experi- 
ments -were worked up, was the correction for the differ- 
ence in the model curvature which must occur while pass- 
ing from one angle of attack to another and which we dis- 
cussed in detail on page 5. This correction was made in 
the results of the tests on the moment and force accord- 
ing to different methods, for which reason we shall ex- 
amine each case separately. 

a) Correction to the Moments 

We have already seen, in figure 18, that the curved 
axis of the model, constructed with R Q = 2.325 m and 
j3 0 = 0° , when the model is installed in the tunnel at 
the angle of attack p Q = 0, has a somewhat larger degree 
of curvature than the axis of our model (R 0 = 2.325 m, 
fj 0 = 8°,51 f ). This is especially noticeable in the stern 
of the model, where the tail surfaces are located. The 
nose parts of both axes merge. 
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Consequently, the stern of our model, provided with 
tail surfaces, when |3 0 = 0°, forms a somewhat smaller 
local mean angle of attack with the flow than would have 
been formed by a model constructed according to R Q = 
2.325 m and j3 0 = 0°. When the model is installed at 
P Q = o°, the difference "between these angles is Ap o = 

0.258° (0° 15.5«) . 

Consequently, the true angle of attack of the stern 
may "bo obtained "by turning our model counter-clockwise 
(according to fig. 18) at the positive angle A (3° = 0.258°. 

Naturally, at the other angles of attack, the correc- 
tion-will decrease and, with p° (set), it will "be equal 
to zero. Thus, the true mean angle of attack of the stern 
will "be: 

Ptrue = Po set - APo (48) 

However, since the maximum magnitude of A{3 Q is very 

small, we considered it entirely possible to regard the 

change of A|3 0 from (3 0s et = 0 to Po S et = 8°51», and 

higher (until P 0 set = 14 °^ as r ec * 1 11 near • This change 
is shown in figure 28. 

Now, let us turn to figure 26. We see that at 1° 
angles of atta.ck, the moment of the hull with gondola 
almost everywhere has the opposite sign from that of the 
moment of the hull with tail surfaces, and that in most 
cases it is larger than the latter in absolute value. 

Thus, it becomes clear that the negative moment of 
the hull with tail surfaces is due mainly to the effect 
of the tail surfaces, the moment of which must be con- 
siderably larger in absolute magnitude than the moment of 
the bare hull. 

Therefore, it was decided to introduce the correction 
for A p 0 (forumla 48) only in the value of the tail sur- 
face moment of the curved model. But there is no basis 
for assuming that the above-examined difference in the 
curvature of the stern of the models, constructed with 
R Q - 2.325 and p 0 = var,, will exert a perceptible in- 
fluence on the moment of the bare hull, since the moment 
of the latter is produced, principally, by the nose (tip- 
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ping moment)*. But, according to figure 18, the nose parts 
of all the models, constructed with R 0 = 2.325 and |3 0 = 
var . , merge . 

The correction was introduced in the following manner: 
the magnitude of the coefficient of the tail surface moment 
was calculated as the difference in the coefficients of the 
moment of the hull with tail surfaces and of the "bare hull; 
the correction to the set angle of the tail surfaces was 
introduced according to formula (43), and the results ob- 
tained were again combined with the coefficients of the 
bare-hull moment, which remain unchanged. 

b) Correction to the Lateral Forces 

The fact that, according to figure 27, the lateral- 
force values for the bare hull are of the same sign as the 
lateral forces of the hull with tail surfaces, enables us 
to assume that both the stern of the curved hull and the 
tail surfaces exerted an equal influence on the magnitude 
and sign of the lateral forces. This made it possible and 
correct to introduce the corrections according to formula 
(48) to the values of the coefficients of R^z^^ of the 

complete model, without separating it into hull and tail 
surfaces, as was done in the case of the moments. 

c) Other Corrections 

In working up the tests on R 2 of the straight 
model, it was found (as is almost always the case) that 
the curve R z = f (£o) &oes not go through zero when 
6 = 0; this is caused by the nonaxial flow which is pro- 
duced by the support and the streamlined fairing of the 
cross member. This circumstance was discounted by the 
fact that the scale of j3 0 was displaced in such a way 
that, when j3 0 = 0 and 8 = 0, R z = 0. The scale of 
P 0 was also displaced in this manner when the tests on 
R^2 1 an & Rv; x of the curved model were worked up, since 

the support and the streamlined fairing were the same. 



* Thi s conclusion is also corroborated by the circumstance 
that the moment of the bare curved hull changes the sign 
at small angles p , i.e., at the point where the local 
angle of attack of the nose becomes negative. 
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All the other very small corrections did not differ 
in any respect from the usual corrections introduced in 
the case of standard experiments (coefficient of the 
field, influence of the gradient of static pressure, re- 
sistance of the support, etc,). Therefore, we arc not 
discussing them here. 

The curves in figures 26 and 27 contain all the cor- 
rections indi cat ed . 



5. CALCULATION OF THE ROTARY DERIVATIVES 



The rotary derivatives of the moment, lateral force 
and drag were calculated according to the formulas (38) , 
derived on page 32 of Part I (Technical Memorandum No. 
829), in which formulas R Q was assumed to "be equal to 
2.325 m. 

Figure 29 shows the rotary derivatives of the moment 

n s My - 

' — - — as a function of the angle of attack fi for 
l v o duj yJ H ° 

the different rudder angles of deviation 8 and for the 
"bare hull with gondola, and without gondola. As should 
have been expected, the rotary derivatives obtained for 
the bare hull wero much smaller than those -obtained for 
the hull with tail surfaces. The peculiar bend upward of 

the curve | — —i. I of the hull without car was due to 

the sudden bend downward of the curve B^, = f (p 0 ) of the 
hull without car (fig. 26) . 

f 1 dMy 1 

The curves | — ! = f (a ) f 0 r the hull with tail 

surfaces (fig. 29) flow in such a tangled and, at the 
first glance, irregular bundle* that, according to it, 

♦This circumstance made it impossible to construct in fig- 
ure 29 the curves I — ' = f (fi n ) ?or all the rudder 

\V> COKr i 1 0 

angles of deviation; it would have confused the diagram 
still more. 
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except for the increase, in general, of 



■1 *K~l 
fc Tjith. 



the angle of attack, it is very difficult to make other 
quantitative conclusions. However, if we construct the 

values JL —>L jas a function of the rudder angle of 

t- o y - J 

deviation and on a considerably magnified scale (fig. 32) , 
immediately we notice some regularity; this is especially 
clearly evident at small angles P q and is confirmed both 
"by experiments with the netting as well as without the net- 
ting/ To "begin with, this regularity consists in the pres- 
ence of two sufficiently pronounced maxima* on the majority 
of the curves, and secondly, in the large decrease of the 
rotary derivative with large angles 6. It seems to us 
that the reason for such sinuosity of these curves should 
he sought in the somehow regularly varying mutual influence 
of the rudder, the compensator and the stabilizer. 

On the basis of figure 32, we may say that the condi- 
tion, T.-hich, in the previous papers on curvilinear flight, 
assumes that the moment rotary derivatives are independent 
of the rudder angle of deviation, must be admitted as be- 
ing correct in the first approximation, since the maximum 
deviations of the values of the rotary derivative at tho 
different 6 (from 0 to from 25° to 30°) from its value 
when 6=0 do not exceed, in the majority of cases, from 
5 to 6 percent. However, when we examine the variation, 
with the angle of attack of the bare hull rotary derivative, 
T7Q find that the condition, which assumes that the hull ro- 
tary derivative is independent of the angle of attack, must 
be regarded as entirely unsatisfactory, since the differ- 



ence in the values of 



1 SM V "I 

L ! when p 4= 0 and when 



j3 =0, amounts to ~ 60 percent. 

Figure 31 shows the variation, with reference to the 
angle of attack p , of the lateral force rotary deriva- 
tives both for the hull with tail surfaces as well as for 
the bare hull. 

It is interesting to note that the condition assumed 
by the English, namely, that the hull rotary derivative is 

*The second maximum is larger than the first. 
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constant with reference to the angle of attack, and that 
the hull rotary derivative is equal to 0.1 m, where m 
is the mass of air displaced by the model, is not ful- 
filled (the difference amounts to 100 percent) . 

This will "be seen from a comparison of the curves 



rl 3Z 1 



i r 1 32 ii 

with tho straight line — — ! 



plotted on the same diagram. 



= 0.1 m, 



The curves representing the variation of the lateral 
force rotary derivative of the hull with tail surfaces, 
similarly to the curves of figure 29, are shown in the 
form of a somewhat tangled, although more regular, "bundle. 

ri az x i 

The fundamental regularity of the change of | — I 

appears sufficiently clearly in figure 33, where 

are given (analogously to fig. 32) as a function 



of the rudder angle of deviation 6- This regularity is 
apparent from the fact that, when the angle 8 is in- 
creased, the rotary derivatives tend to decrease at small 
angles of attack, and tend to increase at large angles of 
attack. It should "be mentioned, in particular, that, in 
all the cases, the lateral force rotary derivatives were 
larger during tests with a netting than during tests with- 
out a netting. This difference sometimes amounts to 12 
percent . 

Now, let us compare the values of the rotary deriva- 
tives obtained by the method of curved models and by the os- 
cillation method. This comparison is shown in figure 30. 

As will be seen, the values of the moment rotary de- 
rivative, obtained by the method of curved models, were 
everywhere smaller than the values of tho rotary derivative 
determined by the oscillation method. Besides, the peculiar 
bend in tho curve, obtained by the oscillation mothod, did 
not appear in the curve, constructed by the aid of the 
curved model method. 



The reason for these divergences, amounting to 10 per- 
cent, must be sought in the following: 
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1) The rotary derivatives were determined by the os- 

cillation method in the ITK-1 tunnel, in which, 
as a rule, the tests sometimes differ consider- 
ably from those carried out in tho T-3 tunnel. 

2) The model tested in the NK-1 tunnel had a some- 

what greater relative elongation than the curved 
model, the elongation of which was exactly simi- 
lar to the full-size ship. 

3) The theory underlying the determination of the 

rotary derivative contains, according to the 
damped oscillation records, many merely approx- 
imately correct assumptions and, moreover, the 
experimental results are considerably distorted, 
due to the imperfection of the equipment used 
for recording the damping* (it is true that re- 
cently we have greatly improved the method of 
recording damped oscillations and of working 
up the d ata) , 

4) The origin of the enigmatical "bend on the curve 

obtained by the oscillation method, 



ri_ aiiyi 



L V 0 SOJy I 

is explained, in our opinion, by the influence 
on the tail surfaces of vortices that get de- 
tached from some parts of the apparatus located 
in the flow. The tail surfaces immediately be- 
come blanketed with these parts at the model 
angles of attack of from 5 to 8 degrees, that 
is to say, exactly at those angles at which the 
indicated bend occurs. 

It is self-evident that the close coincidence of the 
lateral force rotary derivatives, obtained in figure 30, 
is purely accidental since, in the case of the damped 
oscillation method, the lateral force rotary derivative 
was calculated according to the rotary derivative of the 
moment (for which no coincidence was obtained) by the aid 
of various assumptions of extremely low probability (for 

-1 SM - rl o» 1 

example . — — JL == const. ; i — ~£ ! - 0.1 m) 

y hull L ^o y J hull 



*Concerning these imperfections, see our work on radii of 
turn. 
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the incorrectness of which has already "been ascertained. 



7. RESULTS OF THE EXPERIMENTS 
BASED ON THE DETERMINATION OF THE DRAG 



In testing the curved model on drag, we first of all 
discovered a very great difference between the results of 
tests with a netting and without a netting. During tosts 
with a netting, the coefficients of drag were found every- 
where to he from 35 to 70 percent small er than the corre- 
sponding coefficients obtained in the tests without a net- 
ting. Apparently, this difference is to "be attributed, in 
the first place, to the artificial turbulence of the flow 
due to the netting, which gives the boundary layer of the 
model a structure more closely resembling the structure 
obtained with high Reynolds Numbers and, in the second 
place, the difference is to be attributed to the possible 
considerable drop in the statical pressure along the tun- 
nel behind the netting. 

The very interesting problem concerning the possibil- 
ity of obtaining, by the aid of artificial turbulence in 
the flow, an artificial increase in the Reynolds number, 
can and ought to be the subject of special earnest inves- 
tigation. 

Figure 34 shows the relations to p o of the coeffi- 
cients of drag of the curved and straight models. These 
curves are given only for the rudder angle of deviation 
6=0. The remaining wind tunnel tests, although they 
have been carried out and worked up, are here of much less 
interest in principle and, therefore, are not shown. 

Figure 34 also shows the relation to |3 of the ro- 

r 1 3 X -J 

tary derivative of the drag | — I calculated by us 

according to the first formula of the system (38) (page 
32 of Part I, Technical Memorandum No. 829), also for 
5=0. This derivative was calculated only according to 
the wind tunnel tests without a netting, since we did not 
have any tests of the straight model in a flow with the 
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same degree of turbulence as was created by the netting 
with variable mesh*. 

8. CONSTRUCTION OF THE NOMOGRAMS OF TEE RADII OF TURN 
COMPARISON OF THE NOMOGRAMS 71 TH FREE FLIGHT TESTS 
AND WITH RESULTS OF PREVIOUS TESTS 



After determining the relations of the rotary deriva- 
tives of the moments and lateral forces to p Q and 8, it 
became possible to construct the nomograms that are analo- 
gous to those in figure IS. The values are the reverse of 
the radius of turn, with which radius there is established, 
for the various p 0 and 8, the equilibrium either of the 
forces or of the moments. These values were calculated ac- 
cording to the well-known expressions (reference 1); 

According to the condition of equilibrium of forces 

l_ = ^ 

R 0 fl oZ 1 
m cos p 0 ~ I -j 

■ o c(ju y 

According to the condition of equilibrium of moments 

1 a 

R r\ 



< 



m T 



fJL SSt 

l v o 9aj y J 



(49) 



♦It was possible to work up the results of the wind tunnel 
tests on the moments and the lateral force, making use of 
the tests with and without the netting simultaneously 
(curved and straight models), due to the fact that, accord 
ing to the series of foreign investigation, the magnitudes 
of the lifting forces and moments depend but little on the 
degree of turbulence in the flow, 
of the lateral forces, calculated 
the differences in the values of 



Thus, on 
according 



the magnitudes 
to formula (47) 



with and without 
feet "because . in 



a netting, must 



EX 1 

show an 



by the sine of 



the formula indicated 
the small angles. 



obtained in' tests 

insignificant ef- 
R^ is multiplied 
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These nomograms, constructed according to the wind 
tunnel tests with and without a nettin.g, are shown in 
figures35 and 36. On the left of the diagrams are given 
the hyperbolical scales, which enable us to obtain the 
values, in meters, of the radii of turn R Q for the 

full-scale ai r ship . 

As will "be seen from these nomograms, the points on 

the straight line ~ s f (f3 0 , 6) in figure 36 are par- 

R o 

ticularly well placed, that is to say, according to the 
tests without a netting. This partly leads us to surmise 
that they are more reliable as compared to the tests with 
the netting. The fact that the straight line 

— s f (j3 , 8) passed through zero is particularly valu- 
R o 

able, since this line did not go through zero before. (See 
fig. 16.) The degree of reliability of our present tests 
is thereby greatly increased. 

Some deviations of the points from the straight line 

JL - f(,3 0 ,6), which occur (figs. 35 and 36) mainly at 
R o 

large rudder angles of deviation, in our opinion, are due 
either to the influence of the compensator or to the loss 
of effectiveness on the part of the rudder. 

There is no basis for attributing these deviations, 
in a large measure, to experimental errors, since such 
deviations, in the same direction, occur on both curves 
(figs. 35 and 36). This is shown especially clearly in 
figure 37, where a comparison is made of the relations of 

— - f (j3 0 ,6) on the basis of the results of the present 
H o 

tests and the results of tests by the aid of the damped 
oscillation method and according to free-flight tests. 
As will be seen, the general direction of the curves co- 
incides well enough: the deviations (general) seldom 
amount to 10 percent. 

At first glance, it might seem that the results of 
the old tests by the aid of the oscillation method are in 
better agreement with the free-flight tests than the re- 
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suits of the present tests. However, this phenomenon is 
purely accidental: we have to assume that, in free-flight 
tests, errors may occur which lie within the 10-percent 
limi t . * 

Figure 38 shows a comparison of the relations of the 
radii of turn to the rudder angle of deviation, according 
to our various experiments. 

Vv r e cannot discuss in detail the causes of all the 
divergencies (of a qualitative and quantitative order), 
since, for this purpose, it is necessary to have a con- 
siderably larger number of experiments than we have in 
this work. 

Let us mention one fact which we think is interest- 
ing. In figure 36, when 8=0, the curves of the equi- 
librium of tho moments and forces intersected at the ori- 
gin of the coordinates (;3 0 = 0, R 0 = °°, rectilinear 

motion) as well as at some other point f -* = 0.0925 m" 1 

R Q full scale = 700 m) . A similar fact was noted also in 
the old tests. (See fig. 15.) 

This circumstance indicates that, when the rudder is 
neutral, the given airship evidently can fly along a cir- 
cle with a very large radius. It is interesting to note 
that this fact is confirmed by several free-flight tests 
made abroad. 

By using the graphs 35 and 36 and also the figures 
26, 27, 29, and 32 and the rotary derivatives of drag, not 
entered here, it was found possible to construct three 
graphs that are of great theoretical interest (figs. 39, 
40, " and 41) , 

Graphs of this kind should be very useful in the 
aerodynamic calciilation of airship designs. 

These graphs show, as a function of — of the model** 
^o 

*It was found that, in free-flight tests, the tail surfaces 
are displaced somewhat foroward, as compared to the original 
position. This fact was not taken into account in the tests. 

**I.e., as a function of the magnitude, proportional to the 
angular velocity a) . 
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the values of the nondimensi onal coefficients of the total 
moments, lateral forces, and drags i'^W ^EZj' ^ZX' ac ^~ 

ing on the airship in balanced flight along circles of dif- 
ferent radii, as well as their components, i.e., coeffi- 
cients of the forces and moments resulting from the linear 
as well as the rotary displacements: 



C Zl , C x and 



These curves are obtained for the states of equilib- 
rium of flight along circles JL, P Q and 6, correspond- 
ing to the points of the straight lines. — — = f((3 0 , 5) 

] ° 

(figs. 35 and 36) .. and their ordinates are calculated ac- 
cording to the formulas: 



m. 



2 R 



2 R r 



P U 



P s 



2 R, 



P S 



(50) 



2 R 



PU 



2uj j — L 
oU u Q 8 



_i_rjL_ 

PU 



(51) 



2 R; 



L (JU 



P s 



2 riiii 



PS u 



1 rl dZ 1 - 
R 0 l u o 5a) y. 
P S 



(52) 



2 Rv 



P S 



|!5.1 

y L Stu y j 



i ri 9 x i"] 
2 8 V- 



P s 



(53) 



(jj, = 0 + G m ; Oj.? = C 7 .+ C 7 ; Co v = C__ + C_ (54) 
The formulas (50) are the well-known transformations 
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from the coefficients of E to the nondimensi onal coeffi- 
cients of C by expressing R in torms of half the den- 
sity, the volume U or the midship section S. 

The formulas (51), (52), and (53) are obvious and are 
given in the form of consecutive and very simple transfor- 
mations (E 0 is regarded as variable). 

In figure 39, due to the equilibrium of the linear 
and rotary moments, the magnitudes C m ^ and are 

equal in magnitude and opposite in sign, which stipulates 
that Cy U = 0 (54) . 

In figure 40, the magnitude C£ % is everywhere 

equal to and opposite in sign to the coefficient of cen- 
trifugal force, which coefficient may be calculated as 
follows : 

The coefficient of centrifugal force = 

mv 2 
o 

H 0 2m cos (3 0 

= 7T^~ C ° S 88 (55) 

Hl >o PE 0 S 



which follows from the equilibrium of all the forces. 

Figure 41, can be used as initial data for calculat- 
ing the loss of velocity in flight along circles of dif- 
ferent radii. This can be verified very simply by flight 
tests . 



CONCLUSIONS 



In summing up all we have said above, we must admit 
that the method of curved models, in addition to its very 
great aerodynamic theoretical vlaue, also have very groat 
practical value. It is superior to the oscillation meth- 
od in the following points: 

*cos fi occurs due to the fact that the direction of the 
o 

centrifugal force and the direction of the airship's axis 
are not perpendicular. 
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1) The accuracy of the curved model test lies within 

the limits of accuracy of aerodynamic tests in 
general, while the accuracy of the oscillation 
method is very low. This is mainly due to the 
imperfection of the apparatus used in the os- 
cillation method, and to the considerable num- 
ber of "ballast" quantities that have to "be 
measured . 

2) By the aid of the oscillation method we cannot mea- 

moasure directly the lateral force rotary ef- 
fects that can he calculated on the basis of 
assumptions, the considerable discrepancy of 
which with actual conditions has already been 
shown . 

3) The rotary effects of drag cannot be determined 

at all by means of the oscillation method. 

4) Owing to the accuracy and simplicity of c\irved 

model tests, we can investigate the changes 
in the rotary derivatives with respect to the 
rudder angle of deviation. In the case of 
the oscillation method, the changes of the 
rotary derivatives absolutely lie within the 
limits of accuracy of the test. 

5) By the aid of the method of curved models (when 

we prepare several models with E 0 = var.) we 
can investigate the change in the rotary de- 
rivatives with reference to the angular veloc- 
ity. However, with the oscillation method this 
is entirely impossible, since, one of the basic 
assumptions of the latter method is that the 
rotary derivatives are independent of angular 
velocity. 

6) By the aid of the method of curved models we can 

study experimentally the distribution of aero- 
dynamic loads in curvilinear flight. 

The majority of these meri t s wore corroborated by ex- 
periments. The results of experiments carried out accord- 
ing to the method of curved models showed that the rela- 
tions of — as f((3 0 , 6) are much more regular than in the 
case of the oscillation method, and that they are in suf- 



30 



N.A.C.A. Technical Memorandum No. 830 



ficiently good agreement with the results of free-flight 
tests. 

The possibility of making use of one curved model for 
studying motion along circles of different radii is espe- 
cially valuable. It considerably simplifies the use of 
the present method and reduces the cost of its application 

In addition to the errors, indicated in Part I, which 
are due to the fact that the rotation of circular motion 
insufficiently conforms to physical laws, and the errors 
attributable to the contraction and elongation of the arc 
of the meridional contour, the method also has the follow- 
i ng f aul t s • 

1) It is necessary to employ gradient devices (par- 

ticularly a netting) in order to achieve more 
accurate similarity to curvilinear flight. 
These devices most likely distort the flow and 
introduce additional difficulties in the way 
of obtaining the similarity indicated. 

2) It is necessary to produce a special model which 

is rather complicated in construction. 

3) It is necessary to carry on the experiments with 

particular care and accuracy, since the rotary 
derivatives are determined by the formulas (38) 
as differences of the results of experiments 
which are made at different times and which 
frequently (for example, in the case of lateral 
forces) do not differ to any significant degree 
Right now we may say with certainly that the 
accuracy of measurement, for example, of the 
moment, on the conventional moment apparatus is 
not sufficiently high. 

Next year we propose to endeavor to find a more exact 
and reliable solution of the problem concerning the in- 
fluence of the velocity gradient and the presence of the 
netting on the experimental results than we have given in 
this paper. It is very probable that the influence of the 
velocity gradient is very insignificant, and possibly neg- 
ligible . 

In conclusion, we wish to express the hope that the 
method of curved models may find application not only in 
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aerodynamic investigations of airships, "but also in aero- 
dynamic investigations of other aircraft, as well as in 
hydro dynamic investigations of naval vessels and subma- 
rines. 



Translation "by Translation Section, 
Office of Naval Intelligence, 
Navy Department, 
31 urn a Karp, 
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Figure 17.- Construction or the profile of the curved model 

of the V-2 dirigible (view from above). According 
to the simplified method. 
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Figure 18. 
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Figs. 19, 20, 23 
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Figure 19. 
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Figure 20. 
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Figure 23.- Arrangement of the curved V-2 model behind 

the variable mesh netting during wind tunnel 
tests on the moment in the working part of the T-3 tunnel. 
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Figs. 21 f 22 
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Figure 21.- Investigation of the field of velocities behind 
the variable mesh netting t 4 
(before correction). 



theoretical 




2l theoretical 



Experimental points of the 
.Jg^Lfield behind the netting after cor- 
^rection( section II). 
X Experimental points in 



section I. 



34.9 m- sec. 



Figure 22.- Investigation of the field of velocities 

behind the netting of variable mesh 
t corrected < after correction). 
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Figs. 24. 25 




Pigure 24.- Installation of the curved V-2 model behind the netting with 
variable mesh in the T-3 tunnel. (View from the stern) 




Figure 25.- Installation of the curved V-2 model behind the variable 

mesh netting in the T-3 tunnel. (View from the nose 
through the netting). 
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Fig. 26 



a, hull and hull with gondola. 

h, hull with tail surfaces (straight model). 

c, hull with tail surfaces (curved model). 
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Figure 26.- Values of the coefficients of R£ M and of the aerodynamic 

moment of the curved and straight V-2 models as a function of 
the angle of attack P • 
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Pig. 27 



Experiment with netting. 1 curved mo del. 



Experiment without netting. 

Straight model. 

a, hull with tail surfaces ( curved model). 

"b t hull with tail surfaces ( straight model). 

c, hull and hull with gondola. 
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figure 27.- Values of the coefficients of R z x of the l^eral 

forces of the curved and the straight V-2 models as a 
function of the angle of attack P 0 . 
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Figs. 28, 30 
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Figure 30.- Change of the rotary derivatives of the forces 
fldZ x \ / ldM y \ 

and of the moment I— *3 — J, for tne complete 
\v 0 dx-y/k+o 



V-3 dirigible 



vdjj y / k4 . 0 
1 



of attack 3 0 when 6=0. 



. , 4 j full-scale size j with reference to the angles 
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Fig. 29 



with netting 
without netting 
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Fig-iire 29.- Values of the moment rotary derivatives 

of the V-2 model as a function of the 
angle of attack £ 0 . (Curved model tests). 
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Fig. 31 



experiments with variable mesh netting. 

experiments without variable mesh netting. 
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Figure 31.- Change of the rotary derivatives of the lateral 

aerodynamic forces with reference to the angle 
of attack P 0 according to the tests with the curved V-2 
model. 
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Fig. 32 
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Figure 32.- Curves representing the changes of the 

moment rotary derivatives of the V-2 
model f with reference to the rudder angles of 
deviation 6, for different Po ( curved model) . 
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Figure 33.- Change of the rotary derivatives of the lateral 

aerodynamic forces, with reference to the rudder 
angle of deviation 6 ♦ for different angles of attack Pq 
(test with curved V-2 model). 



N.A.C.A. Technical Memorandum No. 830 Fig. 34 



r ldx 




Figure 34.- Value of the coefficients of Bjgj , R x and of 

the rotary derivative of drag as a function of 
the angle of attack 3 Q when 6=0 v,from the tests of the 
straight and curved V-2 models). 
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Fig. 35 



r- of the model 



of the full-scale ship(in meters). 

b, according to the equation of forces. 

c, according to the equation of moments. 




Figure 35.- Relation of — = f ( 0 O , 6 ) for the V-2 model 



If: 



— ± — full scale 8i2e f constructed according 
64.64 / 

to the curved model tests (R Q =2.325, Po = 8°51 1 ) with a velocity 

gradient. 
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a, of the full scale ship(in meters). 

according to the equation of forces, 
c, according to the eqoation of moments. 



i of the model. 

rt 0 . 




Figure 36.- Relation of i f ( 0 O , 6 ) f or the model 



[ M*= — i — full-scale sise L constructed according 
\ 64.64 / 

to the curved model tests (R 0 *=2.325 t 0 O — 8°51" ) without a 

velocity gradient. 
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Figs. 37, 38 
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iPigure 37.- Comparative diagram of l/R 0 plotted against 0 O 

of the free flight test with the V-2 dirigible 

and the test with the model in the tunnel. 
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figure 38.- Value of l/B Q as a function of the rudder 

angle of deviation (V-2 model and full- 
scale ship) . 



N.A.C.A. Technical Memorandum No. 830 



Fig. 39 



•Tests with netting. 
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Figure 39.- Value of the non-dimensional coefficients 
of the linear, rotary and total momenta as 
a function of l/l . (during circular flight ). 

0 model 
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o Tests with netting. 



Figs. 40, 41 



o Tests without netting. 
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Figure 41.- Value of the 

non-dimensional 
coefficients of the linear, 
rotary and total drag as a 
function of __L_ (during 

circular flight). 
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Figure 40.- Value of the non-dimensional coefficients of 

the linear , rotary , total and centrifugal forces 

as a function of "ir (during circular flight). 
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